Background: Assisted living is a popular option for housing and long-term care.
O ver the past 2 decades, assisted living has rapidly emerged as a housing and long-term care option for older adults. In 2012, assisted living facilities (ALFs) provided a home to over 710,000 older Americans each day. 1 Assisted living has been defined by the Joint Commission on Accreditation of Healthcare Facilities as "a congregate residential setting that provides or coordinates personal services, 24-hour supervision and assistance (scheduled and unscheduled), activities, and health-related services." 2 Despite the large numbers of Americans residing in ALFs, the development and growth of the industry has occurred without the influence of federal financing or federal regulation resulting in less monitoring and fewer reporting requirements than other health care settings such as nursing homes. 3 Although ALFs are regulated by states, the stringency of these regulations varies markedly by state, likely resulting in variations in quality of care. 4 Given that ALFs do not routinely submit Medicare claims for services or resident assessments as are required for nursing home residents, rehabilitation patients, and home health recipients, researchers and policy-makers have no reliable methodology for studying the health and health care utilization of ALF residents. Although there have been a few studies of ALFs and the care provided to residents, they have been limited to small samples and have primarily been crosssectional. [4] [5] [6] [7] [8] [9] [10] [11] [12] We currently do not have systematic knowledge, on a national level, of who enters ALFs, what type of care they receive, what their health outcomes are, and how this varies among facilities. Therefore, a first critical step for better understanding this growing demographic is to identify Medicare beneficiaries who reside in ALFs.
The purpose of this study was to develop and test a novel methodology to identify residents in large ALFs using secondary data sources, specifically the 9-digit ZIP code reported in Medicare enrollment records. In this paper, we report on the utility of the 9-digit ZIP code in identifying ALF residents using the ZIP codes of subsamples of ALF residents (ie, identified in routinely collected Home Health assessment data and Medicare Part B claims). We then compare characteristics of the identified ALF residents to those of residents from the National Survey of Residential Care Facilities (NSRCF) and the national population of community-dwelling older adults and long-stay nursing home residents.
METHODS

Identifying a Cohort of ALF Residents Creating a National List of Licensed ALFs
Data on ALFs come from a national list of licensed residential care facilities (RCFs) (ie, facilities that are licensed, registered, listed, certified, or otherwise regulated by the states) operating in 2007 and/or 2008. The list of RCFs, their addresses, and their size (ie, number of beds) were compiled separately from individual state licensing agencies by the authors and checked for duplicates before being concatenated to form a list of RCFs for each state. States include a wide range of licensure categories for congregate residential facilities (eg, RCFs, ALFs, community living arrangements, adult family care homes, and personal care homes). Therefore, following the work of others, 13, 14 we defined "assisted living facility" as a facility that was licensed to serve mainly an elderly population and that had 25 or more licensed beds. Using this definition for ALFs, we identified 11,751 unique ALFs operating in 2007 and/or 2008 and obtained their 9-digit ZIP codes by matching their addresses to the Archived United States Postal Service ZIP+4 Product File.
Identifying ZIP Codes of Patients Receiving Home Health or Medicare Part B-Covered Services in ALFs
We linked the Medicare Denominator File to the Outcome and Assessment Information Set (OASIS) and the Medicare Carrier File to obtain Medicare beneficiaries' 9-digit ZIP codes. The Denominator File combines all Medicare beneficiaries' entitlement status information, demographic information, Medicare coverage information, dual-eligibility status, and also provides their 9-digit ZIP code. This 9-digit ZIP code is based upon the mailing address used for sending cash benefits to the beneficiary or for other reporting purposes (eg, premium billing) and represents where the person lived in December of the reference year.
The OASIS is the instrument/data collection tool used to collect and report performance data by home health agencies. 
Approach to Creating a List of Validated 9-Digit ZIP Codes Representing an ALF
A 9-digit ZIP code uses the basic 5-digit code plus 4 additional digits to identify a geographic segment within the 5-digit delivery area, such as a city block, a group of apartments, an individual high-volume receiver of mail or any other unit that could use an extra identifier to aid in efficient mail sorting and delivery. The sixth and seventh digits of a 9-digit ZIP code indicate a "delivery sector," such as a group of streets, post office boxes, a group of buildings, or even a single high-rise building. The eighth and ninth digits designate a "delivery segment," such as a specific side of a street, a floor in an office or apartment building, or a specific department within a large office. Therefore, it is plausible that 1 large ALF will contain multiple 9-digit ZIP codes for its residents. However, each ALF address in the national list of licensed RCFs can only be matched to one 9-digit ZIP code in the Archived United States Postal Service ZIP+4 Product File. Because it is possible that many 9-digit ZIP codes represent 1 large ALF and we were interested in identifying a collection of 9-digit ZIP codes that represents ALF residents, we matched the first 7 digits, the sector of Medicare beneficiaries ZIP codes (number of Medicare beneficiaries receiving home health or Part B services in ALFs = 553,822; number of unique ZIP codes among these 553,822 beneficiaries = 412,163), to the first 7 digits of an ALF's ZIP code ( Fig. 1) . We compiled the 9-digit ZIP codes of beneficiaries who matched to the first 7 digits of the ALF ZIP codes and included the 9-digit ZIP codes of ALFs to create a finder file of "validated 9-digit ZIP codes" (n = 45,626). Using this finder file, we searched the Medicare Denominator File to identify all Medicare beneficiaries residing in the validated ALF 9-digit ZIP codes (Fig. 1 ).
Examining the Construct Validity of Our Cohort of ALF Residents
To test that the individuals we identified were representative of the population of ALF residents, we compared their characteristics (ie, demographics, chronic conditions, and health care utilization) to a nationally representative sample of ALF residents from the 2010 public use file of the NSRCF. RCFs are another name for ALFs. The NSRCF used a stratified 2-stage probability sample design. The first stage was the selection of RCFs from the sampling frame representing the universe of RCFs. For the 2010 NSRCF, 3605 RCFs were sampled with probability proportional to facility size. Interviews were completed with 2302 RCFs, for a firststage, facility-level-weighted response rate of 81%, which was weighted for differential probabilities of selection. In the second stage of sampling, 3-6 current residents were selected depending on RCF bed size. All data collected on sampled residents came from interviews with RCF staff who answered questions by referring to the residents' records or their own knowledge of the residents. The second-stage, resident-level-weighted response rate was 99%. A detailed description of NSRCF sampling design, data collection, and procedures is provided both in a previous report 8 and on the NSRCF website. 17 For these analyses, we only included characteristics of residents aged 65+ years in facilities with 25+ beds (n = 3009). We calculated the demographic characteristics and chronic conditions of ALF residents aged 65+ years in the NSRCF and compared them to our cohort of identified ALF residents. Weights were applied to the NSRCF data to provide national estimates.
We also compared the demographic characteristics, health, and health care utilization of our identified cohort of Medicare fee-for-service (FFS) ALF residents to that of community-dwelling Medicare beneficiaries and long-stay nursing home residents. Specifically, we selected from our identified cohort of ALF residents in 2008, those who were Medicare FFS and had not been enrolled in any Medicare Advantage plan in the year (N = 434,239). Using the Residential History File methodology, 18 we identified a sample of community-dwelling Medicare FFS beneficiaries in 2008 who had not been in a nursing home, hospital, or emergency room in the previous year (2007) and who did not have any Medicare Advantage coverage in 2008 (n = 33,025,690). We also identified a cohort of long-stay nursing home residents defined as FFS Medicare beneficiaries who had been in a nursing home for >90 days at any point during 2008 and did not have any Medicare Advantage coverage during the year (n = 1,287,572).
We calculated the descriptive characteristics of the Medicare FFS cohort of ALF residents, aged 65+ years, including their age, race, sex, and enrollment status and compared that to the community-dwelling and long-stay nursing home resident populations. Using the chronic conditions listed in the Chronic Conditions Warehouse data, we calculated the number and type of chronic conditions and present those for each of the 3 cohorts of Medicare FFS beneficiaries.
RESULTS
With the finder file of validated 9-digit ZIP codes corresponding to an ALF, we identified in the Medicare Denominator The demographic characteristics of ALF residents identified in 2008 using the finder file are shown in Table 1 . As compared with the characteristics of individuals in large ALFs in the NSRCF, we found that our cohort of residents aged 65+ years identified using the finder file were similar to residents aged 65+ years in the NSRCF in terms of age, race, and sex. We also compared the prevalence of chronic conditions reported among Medicare FFS beneficiaries aged 65+ years identified in our cohort to those of residents aged 65+ years in the NSRCF (Table 2 ). For many of the conditions (ie, Alzheimer/dementia, asthma, depression, and stroke) the samples' prevalence rates only differed by <1 -4.3 percentage points. However, the groups did noticeably differ in reported congestive heart failure and hypertension. Table 3 describes the health and health care utilization of the sample of Medicare beneficiaries residing in ALFs compared with those of community-dwelling older adults and long-stay nursing home residents in 2008. The cohort of FFS Medicare beneficiaries residing in ALFs that we identified had higher rates of hospitalization, nursing home utilization, and chronic conditions than community-dwelling beneficiaries and lower rates than the long-stay nursing home population. For example, the hospitalization rate for ALF residents at any time in 2008 was 36.3% compared with 9.4% of community-dwelling older adults and 48.6% of Medicare beneficiaries who were or became long-stay nursing home residents in 2008. This rate of hospitalization was similar to that observed in the NSRCF data (weighted % = 37.6; 95% confidence limits = 35.6-39.7). Similarly, 46.6% of Medicare FFS ALF residents in our cohort had 6 or more chronic conditions compared with 9.6% of communitydwelling older adults and 64.1% of long-stay nursing home residents. The proportion of Medicare FFS ALF residents with a documented diagnosis of Alzheimer's disease or dementia also tracks as expected: 38.9% of ALF residents compared with 3.5% of community-dwelling Medicare beneficiaries and 73% of long-stay nursing home residents.
DISCUSSION
Although the importance of characterizing the population of ALF residents has been appreciated for over 25 years, 19 we know of no previously published approach that has been effective in identifying and describing a national population of ALF residents using secondary data. Our paper identifies a reliable and reproducible methodology, specifically the use of 9-digit ZIP codes, to identify ALF residents using secondary data. We validated our approach by comparing the demographic characteristics and chronic conditions of Medicare beneficiaries we identified as living in ALF ZIP codes to those of a nationally representative sample of ALF residents, finding that they were very similar. Furthermore, among the FFS sample of ALF residents, our results suggest that their health and health care utilization patterns fall in between those of community-dwelling and long-stay nursing home populations, as expected.
Moving forward, the approach we have created can be used by researchers to study a range of outcomes among a national population of ALF residents such as hospitalizations, inappropriate medication use, access to primary care, nursing home entry, and mortality. Indeed, we would assert that ALFs have been understudied relative to other long-term care settings, partly due to the gaps in data. By using the 9-digit ZIP codes to link Medicare data to these ALF residents, our data provides an important complement to survey data such as the NSRCF. In addition, this approach would allow us to examine ALF provider quality of care with Medicare claims data because we would be able to associate Medicare beneficiaries with specific ALFs.
It is important to note that our methodological approach does not capture the entire universe of ALF residents: given that the total number of beds in large ALFs ( > 25 beds) in 2008 were 878,223, we potentially accounted for 57% of all licensed beds with our methodology. However, few large ALFs operate at 100% occupancy (only 13% are at 95% occupancy or greater, 36% operate between 80% and 95% occupancy, 27% between 65% and 80% occupancy, and 23% are operating at <65% occupancy 8 ) and the NSRCF reports that 12% of residents in ALFs with 25+ beds are under the age of 65. Therefore, our estimate of identifying 57% of all licensed beds in large ALFs is a conservative estimate of the proportion of ALF residents that we were able to identify with our methodology.
Although we found that the ALF residents we identified were very similar to the nationally representative sample of ALF residents in the NSRCF in terms of age, sex, and race, they did vary markedly on some of their reported health conditions (eg, congestive heart failure and hypertension). We believe this to be attributable to the way that chronic conditions are reported for both cohorts. In the Chronic Conditions Warehouse Data, congestive heart failure is identified by having at least 1 inpatient, hospital outpatient, or carrier claim code with a heart failure diagnosis code in a 2 year period. Medicare FFS beneficiaries are identified as having hypertension if they have at least 1 inpatient, skilled nursing facility, home health agency, or 2 hospital outpatient or carrier claims in one year with a hypertension diagnosis code. In the NSRCF, residents' health information comes from staff report. Specifically, staff are handed a list of diagnoses and are asked "As far as you know, has a doctor or other health professional ever diagnosed [RESIDENT] with any of the following conditions?" Therefore, should a resident have controlled hypertension or congestive heart failure, it is possible that the staff member completing the survey is unaware of their history, thereby leading to potential underreporting.
Limitations
We were unable to identify a number of ALF residents with our methodology. Obviously, individuals in ALFs and not enrolled in the Medicare program will not be included as we rely on the Medicare Denominator File to identify our cohort. In addition, Medicare beneficiaries who were in an ALF for a short amount of time or who chose not to provide the Medicare program with their new address following a move to an ALF will not be identified by our finder file. Nevertheless, we believe that this is a relatively small percentage of all ALF residents as data suggest that the median length of stay in a RCF is 22 months 20 and mail is the primary means of contact between the Medicare program and beneficiaries. In addition, some individuals residing in ALFs may have their mail routed to a family member, their former residence, or in some cases that we found, a legal guardianship agency and therefore would not appear in our sample. Furthermore, we only had 20% of the Part B file so it is likely that some of the ZIP codes of the remaining 80% of Medicare beneficiaries receiving services in ALFs are not included in our ZIP code finder file. Regardless, we were able to confidently identify over 738,657 unique individuals residing in a 9-digit ZIP code that corresponded to a large ALF between 2007 and 2009.
Another potential limitation is that there may be some issues surrounding the accuracy of the OASIS and Part B POS codes; however, it is important to point out that we are not testing the accuracy of the POS codes, but compiling a list of "validated" 9-digit ZIP codes representing ALFs using a population of Medicare beneficiaries with an ALF POS code. We recognize the need to conduct future research to assess the validity of our ZIP code methodology against gold standards that conclusively ascertain place of residence. A limitation in testing the construct validity of our methodology was that we were unable to make direct comparisons to the patient population in the NSRCF. For example, we were unable to ascertain Medicare eligibility and enrollment in the sample from the NSRCF. Therefore, the comparison group of ALF residents in the NSRCF included beneficiaries enrolled in a Medicare Advantage plan and might account for some of the differences observed in the rates of chronic conditions. In addition, our cohort of identified ALF residents' data come from 2008 and therefore might represent a somewhat different population than residents in the 2010 NSRCF. However, we have no reason to believe that the resident composition and characteristics of ALF residents changed dramatically between 2008 and 2010. Future work is needed to confirm this. In addition, to make comparisons among the cohort of ALF residents we identified, communitydwelling Medicare beneficiaries, and long-stay nursing home resident populations, we defined the groups as mutually exclusive with ALF residence taking priority. Although it is possible that a number of the 34.4% of Medicare beneficiaries residing in an ALF ZIP code and utilizing nursing home care in 2008 transitioned to become long-stay nursing home residents during the year, we did not include these individuals in our long-stay nursing home cohort. Therefore, the population of long-stay nursing home residents did not include these individuals who lived in an ALF ZIP code and became long-stay nursing home residents during the year. Examining this rate of transition to becoming a long-stay nursing home resident is an area ripe for future investigation.
Because the estimated 1900 Continuing Care Retirement Communities 21 in the United States contain a combination of living arrangements (from independent living in apartments and cottages, to assisted living, to nursing beds in a dedicated unit) our methodology may have misclassified independent living or nursing home residents as residing in ALFs. Future work similar to this is needed to identify and classify residents of Continuing Care Retirement Communities. In addition, nursing home residents who are receiving services on a campus co-located with an ALF may have potentially been misclassified as ALF residents. However, with the Minimum Data Set and claims data, it would be possible to exclude the nursing home residents from our sample of assisted living residents.
To overcome many of these limitations in this methodology as well as the growth in Medicare Advantage beneficiaries, it would be worthwhile for CMS to include a place of residence code for all Medicare beneficiaries so that more direct approaches can be used to track quality of care across settings in the future. In addition, this could provide an approach to testing the sensitivity and specificity of our methodology.
CONCLUSIONS
This paper provides a first of its kind methodology to capture data on a growing long-term care industry. Using 9-digit ZIP codes and providing comparisons with a reliable, nationally representative data and other cohorts of Medicare beneficiaries, we have developed a research methodology for providing pertinent information on the ALF market. As more federal and state dollars are spent on providing care in this sector of long-term care, it is important that we have sound research to understand the quality of these facilities and the health and health outcomes of Medicare beneficiaries residing in ALFs. The development of this methodology sets the stage for important additional work in this area.
